of inorganic phosphates and potassium but no other outstanding difference from the remaining cases examined. Their resistance appeared to be an exaggeration of that normally seen early in treatment. Coma resistance tends to decrease during a course of comas although the converse happens, but less frequently. The resistance of patients investigated more than once in these experiments, with one exception, decreased in this way. It is of interest in this connexion to point out that the mean resting glucose value of our patients who had deep comas was significantly less than those who only became confused or recovered within the experimental time.
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The diminished response on the part of the carbohydrate mechanism to insulin as treatment proceeded indicates a type of adaptation to shock therapy. In our experience each clinical level was on the whole associated with a characteristic biochemical picture-a product of the interplay between insulin and the bodily responses.
Summarv.-Half-hourly observations upon the changes in blood glucose, serum inorganic phosphates, potassium, protein, s'odiurn, chloride and bicarbonate in men undergoing insulin coma therapy are reported.
The results are classified in terms of the following clinical levels-confusion or recovery, sopor, light and deep coma.
As treatment proceeds, the amount of insulin required to induce coma generally diminishes and it becomes easier to forecast a particular clinical state.
The most uniform changes occurred in blood glucose, serum inorganic phosphate and potassium. The phosphate and potassium changes agreed with those usually found when glucose is removed from the blood.
Of particular interest was the unsustained attempt at restoration of blood glucose in sopor, when the transient rise in the blood glucose curve was associated with a marked fall in phosphate and especially potassium, which we have suggested is related to the influx of glucose into the blood.
The similarity of insulin dosage in sopor and light coma brings out the changes which occur in the carbohydrate mechanism during treatment. Claims have been made that the therapeutic effects of insulin are due to direct stimulation of the adrenal cortex and the fall of potassium is adduced as evidence to support this view. In response to insulin, this effect becomes less pronounced as treatment proceeds.
We have related the rise in protein and sodium and fall of chlorides to marked sweating which induces hemoconcentration and chloride loss. In our series the most consistent increase of protein and sodium occurred in light coma. Since sodium inhibits glucose oxidation we suggested this was a second line of defence.
The outstanding features of deep coma were the uniformly low blood sugar and consistently low bicarbonate readings. The latter have been linked with the failure to utilize oxygen which is the fundamental feature of deep hypoglycxemia. Some Biochemical Aspects of Hypoglycaemic Coma (HI) By W. W. KAY, M.Sc., M.B., Ch.B., F.R.I.C., and A. S. THORLEY, M.D., D.P.M. IN order to get a composite picture of the effect of the changes in serum electrolytes discussed in the foregoing paper, the changes in the base-acid difference in the serum were examined. The two bases studied, sodium and potassium, have normal ranges, in m.equiv./litre, of 141-3-152-2 and 4-6-5-6 respectively and a possible total normal range of 145-9-157-8. Using the factor 2-43 to convert grammes % of protein to milli-equivalents/litre and the usual chemical equivalents, the normal range of the acidic components studied is as follows:
Chloride . . 96-0-106-0 m.equiv./litre Bicarbonate.. 24-6-350O Phosphate . 0. O7-17
Protein 13-6-207
Total 134-9-163,4
The possible normal range of base-acid difference for these six components is therefore I I0 to -5 6 m.equiv./iitre the mid-point of this range being 2-7 m.equiv./litre. Since serum is nearly neutral in reaction, its acidic and basic components must be in such concentrations that when all are considered the sums of the two types of components must be the same. The resting differences we found would most likely approximate to zero had account been taken of the other two main bases, calcium and magnesium, and the remaining acids, sulphuric and a group of organic acids such as lactic, pyruvic and so on. The base-acid changes observed in our four groups of cases are summarized in Table VIII and Fig. 8 . The mean resting values of the four series are within the calculated normal range. There is no statistically significant difference between corresponding pairs of the values in any two series. The inference, therefore, is that all the four groups are homogeneous so far as the base-acid difference goes. Taking each series of results by itself, in confusion or recovery there are statistically significant changes in the base-acid difference at I1 2, 2A, 3 hours and '-hour after interruption as compared with the resting value. There are no statistically significant changes in the results in sopor. In light coma the values at 11, 2 and 24 hours and in deep coma all the values at and after hour were statistically significantly different from the corresponding resting values. In three groups, therefore, there is a significant accumulation of excess of base as the effect of the insulin administered proceeds, and this accumulation tends to be greatest in deep coma. Taking the mean sums of the changes in the base-acid difference as compared with the resting value in each clinical type, the following values are obtained: confusion, 19-56; sopor, 22-39; light coma, 37-05; deep coma, 34-03. These sums are not statistically significant, but do show a definite trend. Although the pH of the blood was not measured, in carrying out the estimation of the serum bicarbonate it was possible to observe that there were progressive slight increases in alkalinity in many sera samples taken as the effect of insulin progressed. This corresponds to the tendency to accumulate base shown in Table VIII and the recognized tendency to alkalosis as the result of insulin administration.
The cause of this change in the base-acid difference does not appear to be related to insulin dosage, nor to gastric acidity, since one or two patients with achlorhydria or low acidity gave average base-acid increases and other patients with free gastric acid behaved differently at different times. Since acid secreted in the stomach under the influence of insulin is passed into the duodenum, there to be neutralized by alkaline secretions, it is scarcely to be expected that gastric acid secretion could affect the serum base-acid difference throughout the period the patient is under the influence of insulin. In a number of cases we examined the serum lactate and pyruvate. Changes in these two acids did occur but were usually small and not sufficient to account for the increase of base over acid. We are left with the possibilities that (a) there is an unidentified acid component which either increases in amount or appears newly in the blood under the influence of insulin, (b) the extra base is united with proteins, or (c) the extra base is taken up by a number of small increments of acid, lactate, pyruvate and proteins all playing a part. Possibility (b) most likely does occur, since it is known that the amount of base carried by protein increases as the pH of the solution increases.
On a more practical issue, we thought that this increase of base over acid might be involved in the mechanism of coma and we tried in a few cases to influence the course of the coma by alkalizing patients by the administration of considerable doses of sodium bicarbonate and citrate before administering insulin. We have not sufficient data to present any definite conclusion, but in 5 out of 6 cases sopor was brought on earlier, although this effect was not maintained in the other clinical levels.
As to the cause of the changes in blood chemistry produced by insulin, it would be very simple and temporarily satisfying to say that the changes in blood chemistry were due to stimulation of the adrenal cortex. Considering the decrease in the potassium and the increase in the sodium alone, then stimulation of the adrenal cortex might well be accepted as the cause of the changes. However, stimulation of the adrenal cortex or administration of adreno-cortical hormones which are effective in controlling the inorganic components of the blood, almost invariably produces other changes. There are changes, usually increases, in the serum chloride, an increase in bicarbonate, and a decrease in the serum proteins, probably due to water retention. In these three components, we found precisely the opposite changes. Unless, therefore, the changes are caused by some partial action of the adrenal cortex or there are paradoxical results in the presence of large amounts of insulin, it cannot be accepted that there is stimulation of the adrenal cortex sufficient to account for the changes.
We re-examined some of the effects due to insulin by following the course of the serum potassium, sodium and phosphate under the influence of small doses of insulin. In a series of patients given doses of insulin varying from4-24 units under the same conditions as for coma treatment, the serum potassium fell in the same way and to the same degree as with the bigger doses, at 4 and hour after insulin, but at hours the serum potassium had begun to recover spontaneously (see Table IX ). These changes in the serum potassium ran parallel to changes in the blood glucose and serum inorganic phosphate. The serum sodium remained relatively unchanged throughout. It would appear, therefore, that with small doses of insulin the change in the serum potassium is reversed when the insulin ceases to have any effect on the blood glucose, whilst the maintenance of low levels after one hour in the coma treatment cases is due to the continuing presence of large amounts of active insulin. Comparison may be made with the fall in serum potassium in diabetic coma when insulin is administered. As long as glucose is available in the blood serum, potassium is likely to be removed if insulin is available. The changes in serum potassium and, it might also be added, serum phosphate level, therefore appear to be due to the influence of insulin alone. The increase in serum sodium with big doses of insulin is not so easily explained. Owing to the water loss through sweating and the tendency to hoemoconcentration there are undoubtedly shifts of water to the blood and with it some sodium. It may be that the adrenal cortex plays a part in this, but the fall in the serum chlorides is not easy to fit into the accepted pattern of adrenocortical effect. It may therefore be that the increase in serum sodium is brought about by fluid shift or loss of plasma water (cf. increase in serum proteins) or by the necessity of neutralizing some newly occurring acid
component not yet identified.
In a few cases, eosinophil counts (technique of Thorn et al., 1948) were performed on a portion of the resting and half-hourly blood samples. With 4-24 units of insulin, in 8 out of 10 cases the eosinophil count at 3i hours after giving insulin was less than 50 % of the resting value and in the others 73°% and 106%. In 5 cases there were increases at some period. With coma doses of 120-280 units intramuscularly, at 31 hours after insulin immediately before interruption of the coma, 5 cases showed a fall of more than 50% of resting level, 4 a fall of less than 50 % and 3 showed increases in circulating eosinophils. 11 of these cases had an increase in eosinophil counts at some stage or other. Interruption of the coma by glucose administration was sometimes followed after half an hour by a pronounced fall in the eosinophil count. Individual patients did not show consistent responses and large doses of insulin were more erratic in their effects than small ones. Adrenal cortical stimulation, assessed by eosinophilopenia, appears more likely to occur with small doses of insulin than with coma doses. Transient slight increases in ketosteroid excretion, but never to values greater than the normal maximum, were found in some cases undergoing insulin coma treatment.
On the whole, therefore, we are led to the conclusion that if stimulation of the adrenal cortex does occur, it is more likely to occur with small doses of insulin than with the treatment doses, and at any rate does not appear to be the dominant factor for producing chemical changes in the blood following the administration of large doses of insulin.
What then happens when insulin is therapeutically administered in large doses? The basic dynamogenetic reaction in the body may be summarized thus:
Glucose + oxydizing enzyme systems + oxygen = CO2 + H2O + energy. If this reaction is interfered with at any point, then the production of energy necessary for life decreases or ceases.
Such interference may be achieved by withholding oxygen, when an asphyxial state is produced, or withholding glucose by the administration of insulin. The term" anoxia" should strictly be retained for the withholding of oxygen. Aglycaemia produced by insulin is not accompanied by anoxia but nevertheless is responsible for adynamogenesis. By administering insulin, therefore, in adequate quantities, the cells of the body are prevented from oxidizing glucose and producing the necessary energy for normal life. Clinically it appears that adynamogenesis affects the cells of the cerebral cortex much earlier than those of the vital centres of the midbrain and those of the somatic tissues and organs. If a patient who has been given an adequate amount of insulin to send him into coma were left, he would die, the profound adynamogenesis so affecting tissues and organs, especially those, e.g. adrenals and cerebral cortex, upon which spontaneous recovery depends, that they are incapable of adequate function. Recovery is dependent upon such intervention as will use up any surplus insulin and restore normal energy formation in his vital tissues. It seems, therefore, that insulin coma is a controlled method of producing "near-death", which probably enables the tissues to develop better powers of adaptation or even resistance to stress. There may be even selective cellular necrosis, e.g. to the brain. The increases of protein and fat in the body tissues produced as the result of insulin coma treatment also take part in improving the bodily state. There is no clear evidence, then, that the effects of insulin coma treatment are mediated by adrenal cortical stimulation.
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Summaryv and conclusions.-The results in the previous paper are discussed in terms of base-acid difference. In confusion, light coma and deep coma, there is a significant accumulation of excess base over acid in the serum as the effect of administered insulin proceeds.
These changes in base-acid difference do not appear to be related to insulin dosage or gastric acidity nor are they accounted for by accumulations of pyruvate or lactate. It is suggested that the extra base is taken up by protein and small increments of acids.
Alkalizing patients before administering insulin has no clear influence on the effects of insulin. The observed decreases of serum chloride and bicarbonate and increase of serum proteins, attributable to dehydration, differentiate the effects of large doses of insulin from those of adreno-cortical stimulation.
The effects of small doses of insulin on circulating electrolytes and eosinophils, are similar to the effects of adreno-cortical stimulation.
It is suggested that the adynamogenesis produced by large doses of insulin, especially coma-producing doses, underlies the therapeutic effect of insulin coma treatment, and, whilst it endures, inhibits the function of those organs, such as the adrenals, that normally are responsible for counteracting insulin.
